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My invention relates fo an electron discharge 
circuit and especially fo a circuit for stabilizing 
an electron valve. 
Conventional relay circuits frequently include 
a relay actuating coil connicted in series with a 
grid-controlled gas-discharge tyPe of electron 
valve. Since conduction through this type of 
tube cannot be interrupted by manipulation of 
the potential of ifs control grid, if is conventional 
to use an alternating voltage source for the 
anode-cathode potential. This effectively inter- 
rupts the current flow every cycle and thus 
stores effectiveness to the control grid. 
ehis procedure necessarily means that the sup- 
ple of energy fo the relay circuit is intermittent. 
To avoid relay chattering, if is conventional fo 
shunt a capacitor across the relay coil. The 
capacitor stores energy during the conductive 
portion of each cycle and discharges through the 
relay coil during the remainder of the cycle fo 
cause the coil fo remain actuated during the full 
cycle of the alternating current. A control volt- 
age is impressed on the grid of the valve fo cause 
if to become conductive. This control voltage 
gradually becomes more positive with respect fo 
the cathode of the valve until a point is reached 
at which the control voltage causes the valve fo 
become conductive. Current then flows through 
the relay coil. 
In the usual arrangement, this control voltage 
increases gradually until, during some one posi- 
tive hall-cycle of the source voltage, the voltage 
impressed on the grid of the valve is just sufficiint 
to cause the valve fo become conductive when 
peak value of the source potential is impressed 
from cathode to anode on the valve. 
I bave round that in such a control circuit the 
valve becomes conductive, actuating thi relay 
for one cycle, but the valve does not become ccn- 
ductive during the next succeeding hall cycles. 
This causes the relay to close momentarily and 
open, remaining open for a fiw cycles. This 
eration is referred fo as chattering of the relay. 
llay chattering is a highly objectionable phe- 
nomenon. 
In some circuit arrangements the control cir- 
cuit is capable of impressing only a limited volt- 
age on the control grid of the thyratron. Such 
a control circuit may be capable of starting con- 
duction in the thyratron when the fuil voltage of 
the source is impressed across the thyratron but 
may be incapable of starting the thyratron when 
a slightly lower voltage is impressed on if. 
A similar problem arises in the use of a cold- 
cathode gaseous-discharge valve. Conduction in 
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such a valve is initiated by a glow discharge be- 
tween the control electrode and the cathode. The 
magnitude of the current required in this dis- 
charge fo cause the initiation of anode-cathode 
5 conduction in the valve is dependent upon the 
voltage impressed On the anode of the valve. A 
circuit may be inoperativi if the current avail- 
able from the control circuit is limited fo a value 
below that required fo initiate discharge in the 
10 valve. 
An example of a circuit which may at rimes be 
subject to such a difficulty is shown in the appli- 
cation of Schultz and Nagel, No. 12,038, led Feb- 
ruary 28, 1948, entitled "Garage Door Opener" 
15 and which bas become abandoned. The circuit 
shown in Fig. '3 of this application includes a 
cold-cathode gaseous-discharge valve 
started by current flow from the photoelectric 
cell 4. The relay 28, connected fo the valve 
20 shown symbolically as a winding. Such windings 
generally bave a shunting capacitor fo maintain 
the relay actuated during the negative hall- 
cycle. The photo cell 4 must provide a current 
greater than a certain predetermined minimum 
25 if the valve 29 is fo become conductive. A/ter 
the flrst period of conduction, the relay circuit 
connected fo the anode of the valve 29 impresses 
a back voltage on the valve and then a greater 
current flow is required between the grid 46 and 
30 the cathode of valve 29 fo initiate conduction 
during the next positive half-cycle. Under some 
circumstances, the light vhich impinges on the 
photo cell 4 and the characteristics of the photo 
cell 4 may be such that the current from photo 
35 cell 4 is sufficient fo initiate conduction in valve 
29 for one cycle but is insufficient fo initiate con- 
duction during succeeding positive hall-cycles. 
Thus the current required fo tire the valve 29 is 
dependent upon ifs past history of conduction, 
4O i. e. a current which will cause conduction in a 
cycle after a non-conductivi cycle may bi insuffi- 
cient fo tire the valve during a cycle which fol- 
]ows a conductive cycle. 
Accordingly, it is an object of my invention fo 
45 provide a circuit for a gaseous discharge valve 
which allows the discharge valve fo be equally 
sponsive fo a control regardless of ifs past his- 
tory of conductàon. 
50 If is an object of my invention fo provide a 
relay control circuit which will operate in 
sponse fo a gradually changing control voltage 
but will hOt cause chattering of the relay. 
If is a further object of my invention fo pro- 
5 vide a stabilizing system vhich maintains sub- 
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stantially infinite the transconductance of a grid- 
controlled electron discharge device. 
Itis a further object oï my invention te pro- 
vide a circuit for a grid-controlled electron dis- 
charge device which will maintain constant its 
circuit response te a control voltage. 
lViy invention arises ïrom the reatization that 
this chattering oï the relay is due te a decrease 
in the olge imprëssed acr0ssthe valve aïtèr a 
rst conductive period due te the presence of a 
residual subtractive potential across a caPaci_tg_r 
in ifs anode circuit. This effect varies the con- 
trol potential and/or current requred te initïate 
conduction of the valve during succeeding cycles 
and therefore changes its response te thWc0ntrol 
voltage. 
The critical voltage which witi cause the valve 
te become conductive is dePe-ndent upon the 
characteristics of the valve and upon the anode 
te cathode voltage impressed on thevatve. Tho 
valve becomes conducting passing current 
through tlo reiay coil and the capacitor asso- 
Ciatêd with the coil. Durïng the followin nega- 
tire hall-cycle of the sóuce voltage the capacitor 
partilly dischàrges throgh the relay c0il. Dur- 
îng the next positive alf-cycle, the cpacior is 
net completely discharged and it effectivety 
duces the anode te cathode voltage impressed on 
the valve below the peak value of the source po- 
tentiaL If the control voltage has increased only 
s!ightly or net at all since the previous half-cycle, 
itis net new great enough te cause the valve te 
become conductive when a voltage less than the 
Peak value of the source Voltage is impressed on 
thevalve. Thus, in normal operations of con- 
Ventional re!ay circuits, the conr01 circuit may 
cïe the Valve t0 become conducive during part 
Of onepositive hall-cycle of the source potential 
ht e unable te cause the valve te become con- 
ductivein the next one or more positive halfr 
Cycles. The relay may, therèfore, be retèaed 
ftérhaving been actuated ánd a chattering 
tte rèlay may occur as it closes and opens re- 
iseatC!y. 
In accordance with my invention I provide a 
circuit in which the voltage impssd on the 
ëlay-coil is-derived ïrom a resist0r c0nnected 
iffseries with a. contol thyräron. A rectifier 
C0nfiected in series with the reïay coil prevents 
the vòltagëacross the relay coi1 fom affecting 
the operation Of the contre1 thyratr0n prier te 
Cnduction.  
The növel features that I consider character- 
istic of my invention ae set ïort_h with particu- 
larity in the appended c!aims. The invention 
itself, however, both as te ifs organizaion and 
ifs method of operation, together with addi- 
tional objects and advantages thereof, will best 
be understood ïrom the following description oî 
a speciflc embodiment when read in connection 
with the accompanying drawing, the figure of 
which is a schematic diagram showing a pre- 
ferred embodiment of my invention. 
As shown in the drawing, a thyratron  is 
connected in series with a resistor  across a 
source  oï alternating current. The coil 
a--relay Il is connected fi'om one side oï the 
alternating current source  through a rectifier 
 te the anode 2 oï the thyratron . A capaci- 
ter I is connected across the relay coi1 S. Ter- 
minals I are provided te impress a contre1 volt- 
age between the grid I S of the thyratron and one 
terminal oï the power source ]. A source 2{ of 
biasing voltage may be connected frein the cath- 
ode 25 oï the thyratron  through a grid resistor 
2 te the grid I oï the thyratron 
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In operation, the thyratron  is iràtially non- 
conductive. The control voltage impressed on 
the grid I$ of the thyratron becomes gradually 
more positive te a point at which itis just sur- 
0 ficient te cause the thyratron  te become con- 
ductive. The thyratron  conducts during thc 
remaining portion of the positive hall-cycle. A 
positive hall-cycle is defined as the time during 
w_hic_-_h _the om:eece voltagê causes the anode 
10 of the thyratron  te be positive with respect te 
its cathode 2. When the thyratron  becomes 
conductive, current fiows ïrom one terminal of 
the source 1 both through resistor  and through 
the relay coil$ .and the rectifier I te the anode 
15  of the thyratron  and thence te the other 
terminal oï the source . The capacitor 
charged during this time. During the negative 
half:cycle no current is flowing through the 
thyr_atr0n  and the capacitor partially discharges 
2o through the relay coil. Current flowing ïrom the 
capacitor causes the relay Il te lemain closed 
during he negative one-half cycle. 
During- the next positive ha!f-cFcl e, and beï0re 
]he thyratron  becpmes çonductiv.e, the v.0ttae 
2 impre ssed on its anode is substanti_al!y the volt- 
age of the upper termflal of the power source 
The residual potenial across the re!aF shuning 
capacitor  does net reduce tle impressed volt- 
age on the anode  of fhe thyratron 3. Thus, 
0 during the second positive ha.if-cycle the voltage 
impressed across the thyrat_r0n  is the saine 
as it was during the previous positive half-cycle 
and the control voltage is again effective duling 
the positive half-cycle te cause the thyratron 
33 tp become conductive. During each positive hall- 
cycle, threfore, tbe voltage impressed across the 
thyratron  is the same as on ail other positive 
halï-cycles and the effect of the control voltage 
on the c0nductivity of thé thyrtron remains 
40 constant, tï the control v01tae is suflïcient te 
cause the thyratron  te become conductive dur- 
ing one positive half-cycle, the same control 
voltage wfll be effectivete cause the thyratron 
 te become conductive during each succeedin 
positiv half-cycle and no chattering of the relsy 
43 will occur. 
I have ïound that a circuit acc0rding te the 
single fiure having components of the foliow- 
ing magniudes operates satisfactori!y: 
50 Capacitor I, 10 fd. 
Relay Il, cofi resistance 1100 ohm. operates on 
10 ma. 
Resistor , 10200 0hms 
Thyratron $, RCA type 
- Source ], 115 v. 
oo Rectifier I, se!enium rectifie1- with _ating 130 v. 
A, C. current 50 ma. 
No bias voltage 2 wss used. I bave foun«! that 
the resistor  must bave a resistance small with 
60 respect te the back resistance of the rectifier 
but the resistance must be large eough net 
overload thyratron $. 
Although I bave shown and described a cer- 
tain speciflc embodiment of my invention, I ara 
65 fully aware that many modifications thereof arc 
possible using the principles herein disclosed. 
My invention, therefore, is net intended te be 
restricted te the speciflc embodiment show and 
described. 
7o I claim 'as my invention: 
!. In combination, an electric valve having an 
anode and a cathode, a resistor, circuit means 
connecting said resistor te the anode of said elec- 
tric valve, terminals for impressing across said 
75 resistor and said electric valve in series a volt- 
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age, an inductor and a capacitor connected in 
parallel, a rectifier connected in series with s.aid 
capacitor and inductor, circuit connections be- 
tween said resistor and said rectifier, capacitor 
and inductors such that the direction in which 
said rectifier allows current fiow is in the direc- 
tion from anode to cathode o said electric valve. 
2. In combination, an electric valve having an 
anode and a cathode, an impedance, circuit 
means connecting said impedance to the anode 
of said electric valve, terminals for impressing 
across said impedance and said electric valve 
in series a voltage, an inductor and a capacitor 
connected in parallel, a rectifier connected in 
series with said capacitor and inductor, circuit 
connections between said impedance and said 
rectifier, capacitor and inductors such that the 
direction in which said rectifier allows current 
fiow is in OEhe direction from anode fo cathode 
of said electric valve. 
3. In combination, 'an electric valve having an 
anode and a cathode, a resistor, circuit means 
connecting said resistor to the anode of said 
electric valve, terminals for impressing acrosi 
said resistor .and said electric valve in series a 
voltage, an inductor and a capacitor connected 
in parallel, an element having a resistance fo 
current fiow in one direction substantial]y differ- 
ent from it resistance to current fiow in the other 
direction connected in seriei with said capacitor 
and inductor, circuit connections between said 
resistor and said element, capacitor and induc- 
tors such that the direction in which said element 
presents the ]east resistance tu current fiow is 
in he diregtion from anode fo cathode of said 
electric valve. 
4. In combination, acoil across which is con- 
nected a capacitor, .an electric valve having an 
anode, a cathode and a control electrode, a rec- 
tifier, series connections between said coil, rec- 
tifier and electric valve, said rectifier being ori- 
ented to conduct current in a direction from said 
anode .to said cathode ,of said electric valve, an 
impedance connected across said rectifier and 
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said coil, terminals for impressing pulsating volt- 
age across said resistor and electric valve, and 
terminal means for impressing a control volt- 
age on said control electrode. 
5 5. In combination, a gaseous discharge device 
having an anode and a cathode, a resistor con- 
nected  said anode, connections for applying 
alternating cm'rent potential across said dis- 
charge device and resistor in series, an inductive 
10 load device, a capacitor shunting said load de- 
vice, a rectifier, and means connecting said rec- 
tifier in series with said load device acrosæ said 
resistor, said rectifier being ,poled fo conduct in 
the direction ïrom the 'anode. to cathode of said 
15 discharge device. 
6. In combination, a gaseous discharge device 
having an anode and a cathode, an impedance 
connected in series with said discharge device, 
connections for applying alternating current po- 
20 tential across said impedance and said discharge 
device; an inductive ]oad device, a capacitor 
shunting said ]oad device, a uni-directional con- 
ducting device connected in series with said ln- 
ductive ].oad device across said impedance, said 
5 uni-directional conducting device being poled 
to conduct in the direction .of anode to cathode 
of said discharge device. 
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